This article describes the problems of traditional poliovulation induction scheme with repeated injections of follicle-stimulating hormone (FSH) to embryo donor cows. The purpose of this study was a comparative analysis of poliovulation induction results in donors received one or several FSH injections. Experimental animals (n = 256) in group I (n = 96) received injections of "FSH-super" drug eight times, every 12 hours for 4 days; in group II (n = 73) there was one injection of "FSH-super" combined with polyvinyl alcohol with a molecular weight of 15,000 Da; in group III (n = 87) there was one injection of "FSH-super" combined with polyethylene glycol with a molecular weight of 6,000 Da. The number of donor cows with positive response to hormonal treatment in groups I-III was similar: 94.8%, 95.9%, and 95.4%, respectively, what shows the effectiveness of one injection of long acting FSH. At the same time, group III (with polyethylene glycol as prolongator) was the leader in the effectiveness of induced poliovulationhere the highest ovarian poliovulatory reaction was obtained with the formation of 15.2 yellow bodies per one donor (in groups II and I -14.0 and 10.5, respectively) . The number of obtained proper embryos in group III was higher by 9.6% than in group II, and by 15.6% than in group I, while the number of degenerated embryos in group III was 2.5% less than in group II and 15.0% less than in group I. In group III, there were the highest level of ovum fertilization rate (82.2%), the largest number of excellent-and good-quality embryos (optimal for cryopreservation) -89.9%, and also, of embryos at the stages of late morula, early blastocyst and expanded blastocyst (optimal for transplantation) -93.3%. The considered facts can be taken into account when developing protocols for one FSH injection in order to stimulate poliovulation in embryo donor cows.
I. INTRODUCTION
Embryo transplantation technology is one of the main biotechnological methods for quick cattle reproduction. More than one million embryos are produced in the world annually, while approximately half of them are obtained in vivo from donor cows. World experience shows that, at present, the average yield of proper embryos for induction of ovarian poliovulation in donor cows is 6-8 (per one donor).
For example, according to AETE (Association of embryo technology in Europe, 2019) data, in European countries involved in cattle embryo transplantation, in 2017, the average yield of such embryos per donor was 6.4, in particular, in the Netherlands 8.8, in the Russian Federation -6.9, in Serbia -4.2 [1] . However, with ever-increasing interest in intensifying herd reproduction using reproductive biotechnologies, these figures are rather small compared with the fact that there are hundreds of thousands of antral follicles with immature germ cells (ova) in cows' ovaries, the physiological maximum of which cannot be exhausted using the existing methods of poliovulation induction with exogenous gonadotropins. Currently developed protocols for poliovulation stimulation in donor cows do not make it possible to fully activate the multiple growth and development of follicles. So, using of classical protocol which is widely applied in modern veterinary practice and is based on the repeated injections of follicle-stimulating hormone (8-10 injections, every 12 hours for 4-5 days) makes it possible to obtain such negative results as the absence of poliovulation (approximately 20-30% of treated animals do not respond to hormonal stimulation) or poor ovulation result (from 1 to 3 embryos obtained from the other 20-30% of treated animals) [2] . Special attention of researchers was attracted by the possibility of rejection of repeated injections of follicle-stimulating hormone (FSH) due to the unsatisfactory poliovulation, as well as significant labor effort and working time during this protocol. Researches are being conducted around the world, which are aimed at developing new schemes and regimens for FSHdrugs administration in order to obtain more effective results of poliovulation induction in donor cows. One of the directions is studying the possibility of one injection of this hormone which may cause an increase in the number of simultaneously growing and maturing follicles with the release of proper ova. The hypothesis of an increase in the level of the poliovulatory reaction in the ovaries of donor cows in a similar way was partially confirmed by separate studies conducted with substances prolonging the action of FSH for 4-5 days (time sufficient for the simultaneous maturation of fully functioning ova) with one injection. In particular, an increase in the number of embryos suitable for transplantation by 1.2 was reported for the experimental group of donor cows where FSH was once injected, together with the polyvinyl alcohol (PVA) as a prolongator, in comparison with the control group of animals where 8 injections of this gonadotropin were made (7.5 vs. 6.3) [3] .
Other reference sources contain the information that by combining polyethylene glycol (PEG) polymer with folliclestimulating hormone injected into the body of mammal, the rate of FSH release can be controlled during several days [4] . Information in the world literature about the effectiveness of using substances prolonging FSH action is rare and sketchy with regard to time periods [5] [6] [7] , but, nevertheless, there is a chance of positive effect on the increase in the number of maturing follicles in donor cows, and, consequently, the increase the number of viable embryos which can completely develop after their transfer to the reproductive system of recipient cows. At the moment, the issue of one FSH injection in combination with polyvinyl alcohol or polyethylene glycol as prolongators has not been sufficiently studied, there is no information about protocols that clearly regulate the regimens and dosages of administration for this hormone in combination with prolongators, and also indicate the range of expected results by the number of cattle embryos obtained.
Based on the foregoing, the purpose of this study was to study the effectiveness of poliovulation induction in embryo donor cows using "FSH-super" drug under various schemes of its administration, including using substances which can prolong the effect of exogenous FSH of pituitary origin in the animal.
II. METHODS AND MATERIALS
For this study, we selected 256 cows as potential embryo donors. Ovary cycle of embryo donor cows was induced with GNRH analogues -5-10 ml i.m. and PgF2a cloprostenol at the dosis of 500 μg per cow i.m. Poliovulation induction in donors was performed using a gonadotropic pituitary drug "FSH-super" (manufacturer -Russia) with follicle-stimulating hormone activity of 1000 IU (50 Armour units, AU) which is sufficient to stimulate the physiological growth and maturation of many follicles and ova for fertilization and developing into proper embryos.
All animals were divided into three groups, depending on a hormonal stimulation scheme used.
In group I (n = 96), in donor cows on the 9-12 day of ovary cycle, a protocol was used based on eight intramuscular injections of "FSH-super" drug with an interval of 12 hours (morning-evening) in decreasing doses (50 AU, 3; 3; 2.5; 2.5; 2; 2; 1.5; 1.5 ml/cow.). In groups II and III, one injection of "FSH-super" was used in combination with a substance prolonging FSH action. In group II (n = 73), each donor cow on the tenth day of ovary cycle once received, subcutaneously in the area of scapula, a mixture consisting of "FSH-super" (FSH in full -50 AU), a prolongatorpolyvinyl alcohol (PVA) with molecular weight of 15,000 Da at the rate of 0.9 grams per cow, and solventsaline solution (0.9% aqueous solution of sodium chloride) in a volume of 10 mL. In group III (n = 87), each donor cow on the tenth day of ovary cycle once received, subcutaneously in the area of scapula, a mixture consisting of "FSH-super" (FSH in full -50 AU), a prolongatorpolyethylene glycol (PEG) with molecular weight of 6,000 Da at the rate of 3 grams per cow, and solvent -saline solution (0.9% aqueous solution of sodium chloride) in a volume of 10 mL.
Insemination of donor cows was carried out at the time estrus start, three times, with an interval of 12 hours using five doses of semen; rectocervical insemination method was used.
On the seventh day from the first insemination, embryos were retrieved from the reproductive organs of donor cows. Immediately prior to the retrieval of embryos from donor cows, the number of yellow bodies on the surface of ovaries was counted using the recto-palpatory method and/or echographic imaging with EASI SCAN E4 ultrasound scanner ("BCF Technology", United Kingdom). At the same time, the number of counted yellow bodies (the number of ovulations) was considered as equivalent to the number of matured and ovulated follicles from which the ova came out.
Retrieval of embryos was carried out using a 60 ml Luer syringe. For washing out the embryos, flexible two-and three-lumen catheters were used as auxiliary equipment for retrieval of embryos from the Foley tips manufactured by "Minitube" company (Germany). Dulbecco's balanced buffered saline was used as a washing liquid, with the addition of 10% blood serum, in the total volume of 500 ml per uterine horn. Filters for collecting embryos manufactured by "Minitube" company (Germany) were used for filtering the washing fluid with retrieved embryos.
A microscopic study of obtained embryo retrievals was carried out, in this process a MBS-10 stereo microscope with MFU micrographic device and VEC-545-USB television camera (AO "Lytkarinsky Optical Glass Plant", Russia) with magnification of 60-100 times and more was used for search and morphological assessment of retrieved embryos. The number of proper embryos (suitable for transplantation or cryopreservation) at different developmental stages (early and late morula, early blastocyst, expanded or fully expanded blastocyst), and the number of degenerated embryos and unfertilized ova were counted. Morphological assessment of embryos took into account the compliance with developmental stages, the shape of pellucid zone and its integrity, the equability of blastomere cleavage ,and the general state of cytoplasm according to GOST 28424-2014 GOST 28424- (2015 . Particular attention was paid to the transparency of perivitelline space and polygonal connection between blastomeres.
The results of these studies are presented in four tables taking into account the gradation of animals within experimental groups according to maximum ovulations: animals with 3-5, 6-10, 11-20 yellow bodies and with more than 20 yellow bodies in ovaries.
III. RESULTS
Evaluation of the results obtained during poliovulation induction in donor cows of experimental groups shows that of the 256 animals that underwent poliovulation stimulation, only 244 donor cows had positive response, i.e. three or more yellow bodies in ovaries. The remaining 11 animals either had no poliovulation (the number of ovulations -0 yellow bodies in ovaries), or showed low poliovulation (the number of ovulations -1-2 yellow bodies in ovaries) which in this experiment was equated to the absence of poliovulation due to the fact that cows and heifers normally produce 1-2 yellow bodies with the natural course of ovary cycle. As we can see from Table 1 , in group I (n = 96) there was a positive poliovulatory response in 91 animals (94.8%), in group II (n = 73)in 70 animals (95.9%), in group III (n = 87)in 83 animals (95.4%). It follows that in all three groups there was a slight difference in the number of treated animals that did not respond to hormonal stimulation (in group I there was no response to injected gonadotropins in 5.2% of animals, in group IIin 4.1%, in group IIIin 4.6% of animals). These data demonstrate that one FSH injection in combination with a prolongator (PVA in group II, PEG in group III) does not reduce the number of animals with positive response to hormonal treatment in comparison with the standard protocol of repeated FSH injections during 4 days which was used in group I. When considering "the number of donors distributed according to maximum ovulations" parameter, the following trend was revealed: in group II (FSH injection combined with PVA) and in group III (FSH injection combined with PEG) in comparison with group I (8 FSH injections), an increase in the number of animals with maximum ovulations of 11-20 and with >20 yellow bodies in ovaries was noted ( Table 1 ). The number of donors with indicated parameters counted as a whole was 42.9% in group I, 58.6% in group II, and 63.9% in group III. Thus, in group II compared with group I, the number of donors with indicated parameters (as a whole) was 15.7% more, and in group III compared to group I, the same value was 21.0% more. At the same time, the same indicator in group III as compared with group II was 5.3% more. In this regard, it is possible to say that with one FSH injection together with PVA or PEG as a prolongator, the number of animals with higher level of poliovulatory reaction increased (11-20 and >20 yellow bodies in ovaries).
Turning to the consideration of "yellow bodies" formed in ovaries after poliovulation induction (Table 1) , we note that in group I the average number of yellow bodies in ovaries (number of ovulations) per donor was 10.5, in group II -14.0, and in group III -15.2 what shows the formation of a greater number of yellow bodies in animals of group III compared with similar parameters of group II and Iby 1.2 and 4.7, respectively. At the same time, there was a statistically significant increase (p <0.05) in the number of ovulations between groups III and I.
Estimating the parameters of obtained embryo retrievals when the total number of proper embryos, degenerated embryos and unfertilized ova found by microscopic examination was counted, the values obtained by recalculating their total number per donor were taken into account. In group I, such value per one donor was 8.5 on average for this group, 11.8 for group II, and 12.8 for group III (Table 1) . This demonstrates the fact that the parameter of group III in the number of such embryos and unfertilized ova exceeds the similar value of group II by 1.0, and of group Iby 4.3 pcs. At the same time, in group III, there was a significant increase (p <0.01) in the number of embryos and unfertilized ova (as a whole) in comparison with the similar parameters in group I. In comparison with group II, there were no significant differences.
A separate calculation of the number of proper embryos showed that when recalculating the number of proper embryos per donor in group I, the average value for this group was 4.6, for group II -7.1, and for group III -9.0. This parameter was based on the total number of proper embryos, degenerated embryos and unfertilized ova: in group Advances in Intelligent Systems Research, volume 167 I -54.5%, in group II -60.5%, and in group III -70.1% (Tables 1, 2 ). This shows that in group III, we received by 9.6% more proper embryos than in group II, and by 15.6% more than in group I; and in group II, proper embryos were received by 6.0% more than in group I. A separate calculation of the number of degenerated embryos showed that when recalculating the number of degenerated embryos per donor in group I, the average for this group was 2.3, for group II -1.7, and for group III -1.5. When re-counting from the total number of proper embryos, degenerated embryos and unfertilized ova, the index of the number of degenerated embryos was: in group I -27.0%, in group II -14.5%, and in group III -12.0% (Table 2) . At the same time, in group III degenerated embryos were obtained by 2.5% less than in group II and 15.0% less than in group I. In group II, degenerated embryos were obtained by 12.5% less than in group I. In terms of degenerated embryos, a statistically significant difference (p <0.05) was found between parameters of group III and group I. There were no significant differences compared with group II.
Taking into account the number of degenerated embryos in respect of maximum ovulations, we can note that in groups II and III the highest number of degenerated embryos was recorded with maximum ovulations of 3-5 yellow bodies in ovaries, and with maximum ovulations of 6 -10, 11-20 and >20 yellow bodies in ovaries the number of such embryos was significantly smaller. At the same time, the number of degenerated embryos in group I was approximately the same with all maximum ovulations (3-5, 6-10, 11-20 and >20 yellow bodies in ovaries). Thus, when using one FSH injection together with polyvinyl alcohol in group II and polyethylene glycol in group III as prolongators, a decrease in the number of degenerated embryos in animals with the response of 6 or more yellow bodies was observed. This fact, in comparison with the repeated FSH injections in group I, indicates a more uniform growth and maturation of follicles with the formation of proper ova for fertilization with the subsequent formation of fully functional embryos at the early stages of development.
Separate counting of the number of unfertilized ova showed that when re-counting the number of unfertilized ova per donor in group I, the average for this group was 2.0, for group II -3.1, and for group III -2.3. When re-counting from the total number of proper embryos, degenerated embryos and unfertilized ova, the number of unfertilized ova was: in group I -18.5%, in group II -25.9%, and in group III -17.8% (Table 2 ). It should be noted that the number of unfertilized ova during embryo retrieval was taken into account, in the framework of this study, as a criterion for determining ovum fertilization rate in the course of conducting poliovulation induction. At the same time, ovum fertilization rate meant the percentage of fertilized ova from the total number of ova released from the follicles of donor cows as a result of poliovulation caused by exogenous gonadotropins. Based on the data obtained, the average fertilization rate was found for all three groups. In group I, fertilization rate percentage was 81.5%, in group II -74.3%, and in group III -82.2% ( Table 2 ). As we can see from the above data, group III where polyethylene glycol was used as a prolongator showed the highest ovum fertilization rate. At the same time, the lowest fertilization rate percentage was observed in group II where polyvinyl alcohol was used as a prolongator.
Thus, as a result of the above analysis conducted in all three experimental groups on the total number of proper embryos, degenerated embryos and unfertilized ova found during the microscopic study, as well as on their separate count, the following was established. In group III (one FSH injection combined with PEG), there was not only the increase in the number of proper embryos by 15.6%, but also the increase in ovum fertilization rate by 0.7% in comparison with the values of same parameters in group I where the protocol of repeated FSH injections was used. In group II (one FSH injection combined with PVA) in comparison with group I, the increase in number of proper embryos by 6.0% was also observed, but with a decrease in ovum fertilization rate by 7.2%. When comparing these parameters between groups II and III, it was revealed that in group III there were obtained more proper embryos by 9.6% than in group II, and the increase in ovum fertilization rate by 7.9% was recorded.
In addition, in the framework of this research, the study of embryo retrieval included a gradation of proper embryos using a quality assessment scale (embryos could be excellent, good, satisfactory, conditionally suitable, unsuitable), while all degenerated embryos were found to be unsuitable and should be rejected. Studying the results of differentiation of proper embryos during embryo retrieval in accordance with the quality assessment scale was necessary due to the fact that all proper embryos were suitable for transplanting in a freshly obtained form, and only excellent-and good-quality embryos can be used for embryo preservation with cryopreservation method (Table 3 ). As we can see from Table 3 , the number of embryos of excellent quality counted on average in group III (46.2%) exceeded the average number of such embryos in group II (38.2%) by 8.0%, and in group I (23 , 2%)by 23.0%; in group II the number of such embryos was higher than in group I by 15.0%. Statistically significant difference (p<0.05) between the parameters of group III and group I was established in terms of excellent quality embryos. In comparison with group II, no significant differences were noted. In addition, when calculating embryos suitable for cryopreservation (excellent and good quality) in group III, the number of such embryos was also exceeded amounting to 89.9% of the total number of proper embryos in this group, on average, compared with group II (87, 8%) by 2.1%, and with group I (76.3%)by 13.6%. Also, when calculating embryos estimated on a quality scale as satisfactory and conditionally suitable, it was found that in group III (on average for this group) there were significantly less such embryos compared with other groups. At the same time, in group III there were 10.1% such embryos, in group II -12.2% and in group I -23.7%. Thus, in group III where one FSH injection was used together with PEG as a prolongator, the highest number of proper embryos which were classified as excellent and good ones, and the minimum number of satisfactory and conditionally suitable embryos were obtained in comparison with group II where one FSH injection was used together with PVA as a prolongator, as well as with group I where eight FSH injections were used.
In the course of this study, the influence of used gonadotropic treatment schemes at the stage of embryo development in donor cows was also assessed ( Table 4 ). For this end, the number of proper embryos in obtained embryo retrievals was counted, depending on the stage of their development: early morula; late morula; early blastocyst; expanded blastocyst; fully expanded blastocyst. This embryo gradation was used to study the synchronicity of embryo development indicating the synchronicity of the ovulatory response of many follicles caused by poliovulation induction with gonadotropic drugs. At the same time, special attention was paid to the number of embryos that were in the stages of late morula, early blastocyst and expanded blastocyst, due to the fact that these stages are the most favorable from the point of view of transplanted embryo survival in recipient body. Embryos that are at other stages of development (early morula, fully expanded blastocyst), despite the fact that they are suitable for transplantation to recipients, however, require more precise compliance and synchronization with the ovary cycle of recipient at each of these stages of embryo development. As we can see from Table 4 , in maximal 3-5 ovulations in group I there were no embryos at fully expanded blastocyst stage, in group II there were no embryos at early morula and fully expanded blastocyst stages, in group III there were no embryos at early morula stages, expanded blastocyst and fully expanded blastocyst stages. In addition, in group III, in maximal 6-10 ovulations there were no embryos at early morula stage. This suggests that in group III there is the greatest synchronization of the development of embryos in small limits of maximum ovulations (3) (4) (5) (6) (7) (8) (9) (10) , in contrast to the other two groups. Moreover, in all three groups, in animals with maximum ovulations of 11 or more yellow bodies in ovaries, the presence of embryos at all stages of development is shown in Table 4 .
Taking into account the fact that the most favorable stages of embryo development from the point of view of transplanted embryo survival in recipient body are late morula, early blastocyst and extended blastocyst; their total number and comparative assessment of these results in all three groups was carried out. The total number of embryos in these stages counted on average for group III (93.3%) exceeded the average number of such embryos in group II (80.4%) by 12.9%, and in group I (73.9) by 19.4%. This indicates a better synchronization of embryo developmental stages in group III where one FSH injection was used with PEG as a prolongator in comparison with group II where one FSH injection was used with PVA as a prolongator, and also with group I where eight FSH injections were performed.
Thus, as a result of the above analysis conducted in all three experimental groups on parameters of the total number of embryos in late morula, early blastocyst and extended blastocyst stages, it was found that in group III the most synchronous development of embryos which are at the indicated stages of development, is observed.
IV. CONCLUSION
According to the results of this study, it can be concluded that donor cows with poliovulation induced with "FSHsuper" drug in combination with polyethylene glycol as a prolongator for follicle-stimulating hormone, had the highest polyovulatory response of ovaries, the number of proper embryos was increased and the number of degenerated embryos was reduced, a high level of ovum fertilization was obtained. In addition, a high number of excellent and good quality embryos was obtained which were suitable not only for transplantation to recipients in a freshly obtained form, but alsoand it is importantfor cryopreservation. The highest synchronicity of embryo development at such stages as late morula, early blastocyst, and expanded blastocyst which are generally recognized as the best ones for transplantation, was also noted. From the practical point of view, it is possible to use "FSH-super" drug combined with high molecular weight biologically degradable polymerpolyethylene glycol with molecular weight of 6000 Dain order to get the maximum number of proper embryos from a donor cow per one session of hormonal stimulation.
